Abstract-Distributed Generation (DG) is often used to export power to the utility system. Loss of main supply can cause a severe loading mismatch between DG generation and load consumption. Consequently, the voltage and frequency of the islanded system will cross the allowable limit. Due to this fact, it is essential to control the voltage and frequency in the islanding mode of operation. In this paper, control stabilisation of an islanded system with a doubly-fed induction generator (DFIG) wind turbine has been addressed. Wind DG produces variable output and is not capable to produce enough reactive power. Hence, it is imperative to develop better control system for the islanding operation of wind system. Voltage and frequency control strategies of a doubly fed induction generator (DFIG) with energy storage for islanding operation have been developed. The investigation has been carried out through modeling of a doubly fed wind turbine and an energy storage system using SimPowerSystems tools of MATLAB. The simulations have been carried out in stand-alone operation of DFIG during various wind penetration.
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I. INTRODUCTION
Recently, renewable resources such as wind, solar, biomass etc are connected into the distribution network to contribute in loss reduction, improve voltage quality, and increase the capacity of the network. Inclusion of distributed generation into distribution network is employed to export power into the utility system. The controllability of DG is often limited due to unpredictable nature of renewable resources. The benefits of DG can be utilised with minimum control because utility will play major role for controlling voltage and frequency during grid connected mode of operation. Utility grids are frequently interrupted by transmission system events such as lightning strikes, equipment failures, and downed power lines. These system events cause an intentional or unintentional islanding mode of operation. Loss of main supply can cause severe overloading problems into the islanded system. Consequently, voltage and frequency will cross its allowable margin. The operation capability of distributed generation during loss of main supply can ensure continuity of power supply and reduce the level of load shedding. The island can be characterised as being either generation poor or generation rich. An over generated islanded system can be stabilised by governor system; the stabilisation under under-generation requires special planning and usually dependent on a load shedding scheme. The control strategy of DG should be designed so that DG can support to stabilised an islanded system and help to prevent the total black out of the system [4] . After disconnection from main grid, the islanded system initially faces generation mismatch and leads to offer an over generated or under generated situation. Generation under supply leads to under frequency and under voltage problems in the islanded system; whereas generation rich or generation over supply can lead to over frequency and over voltage issues [5] . As a result, system voltage and frequency will fall below the standard limit. Hence, an imperative control system is required to stabilize the islanded system. In the case of islanding operation, where the main grid is disconnected from the wind turbine and its load, wind turbine cannot start alone due to the inability of reactive power generation. The converter is supported by energy storage based inverter and can generate required reactive power for the wind turbine to start. DFIG with energy storage can supply power to the crucial loads. Excess power from the wind turbine can be absorbed by the storage system up to the threshold limit. If extracted power exceeds the limit, then pitch control will apply for maintaining the system frequency within the expectable range. So energy storage based system gives the capability of islanding operation.
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In this paper, the control issues of an islanded system has been discussed and identified. A new control method has been developed and modeled. Fig. 1 (a) and 1(b).
Due to high wind and load demand variability, a dummy load is implemented in addition with storage system to keep the system frequency within the limit. The control of dummy load is followed a look-up where ECh and EdCh are the stored and discharged energy respectively. In the case of charging and discharging system with 100% efficiency, the stored energy in the charging phase will be equivalent to the charging and the discharged energy and the charging power will be the same as the discharging power. The State of Charge (SOC) of the energy storage needs to create control signal for the operation of islanding mode of operation. A storage system can be composed of a set of batteries in parallel and series connection. The equivalent circuit of battery can be represented as shown in Fig. 8 (Vbp_max Vb p _min )
Farad (6) where Vbp _ max and Vbpo min are the maximum and minimum voltage across battery capacitance, respectively. The purpose of the energy storage in the DC link is to store or supply power to the system in order to reduce the power fluctuation in islanding mode of operation. In the situation of excessive wind power, the excess power is used to charge the storage through the line side converter. Stored power can be used when the wind power output is less than the desired level or in the situation of no wind power. The real power (Pb ) and reactive power ( Qb) stored or supplied from the storage system are [f1]: Pb VbtIb COS 0
Qb VbtIbsin1 IV. SIMULATION RESULTS AND DISCUSSION Simulations have been carried out using MATLAB SimPowerSystems. System parameters are given in Appendix-A. Two cases have been investigated and results are presented. All simulations are run with the 10 sec duration with the different wind situation. For simulating under and over generation situations, the wind speed varies from 5 m/s to 14 m/s. This variation is suitable for observing super and sub-synchronous situation of an islanded system. The responses and behaviors of the controller and system are also simulated in the case of no wind. According to the turbine characteristics, cut in, rated, and cut off speed are 5m/s, 11 m/s, and 25 m/s, respectively. Equivalent battery storage is constructed for this simulation is shown in Fig. 5 . The capacitor is used to determine the storage size. A 1.50 MW wind turbine is connected with a weak grid is considered. In grid connected mode, wind turbine captures maximum power from the wind and delivers to the utility. The voltage and frequency are controlled by the utility. Due to the grid events, circuit breaker operates and makes encircle portion of Fig. 1 disconnected from the grid. After disconnection, the encircle portion (DFIG and load;) is assumed to operate as an islanded system. It is also assumed that the isolated load is 300 kW. For the sake of simplicity, it is assumed that the islanded system start with minimum stored energy in the storage system and load is supplied by wind output power. Fluctuating or excess wind generation is absorbed by dump load and storage system. Simulation results show the effectiveness of the control system of line side converter during under and over generation situation. Investigations are conducted on the effect of the new control Cbp= battery capacitance; Rbp= self discharge resistance; 316 system in islanding operation. Participation of storage system during the absence of wind is also investigated. Fig.9 shows responses of a DFIG-storage system during islanding mode of operation in the case of variable wind speed. Fig. 9(a) shows that the load bus voltage within prescribed limit. Fig. 9(b) . This variation shows that the controller is active to control the system frequency within standard limit. Figs. 9(c) and 9(d) show the real power (P) flow and reactive power (Q) in the islanded system respectively, where real power (P) is supplied by wind power and the reactive power (Q) is supplied through lone side converter. Figs. 9(e) and 9(f) show the DC link voltage variation and the generator speed, respectively. The DC link voltage varies between 1180 V to 1240 V volt dc approximately as shown in Fig. 9(e) . In Fig. 9(f) , the generator speed has been increased upto 1.1 p.u. at 4 second of time. After that it starts falling as a response of wind speed. Figs.9(g) and 9(h) show the dump load in kW and wind speed in m/s. Dump load has been used for stabilising islanded system's frequency in over generated mode of islanding operation. Wind speed varies from 14m/s to 5 m/s, which creates over and under generation situation in the islanded system. In the case of over generated situation, storage system and dump load are used to stabilise the islanded system's frequency and voltage by controlling the excessive wind generated power. The process of controlling includes charging storage system and dumping excessive load. It is noted that pitch control is not applied here for simplicity. The dump load control can be replaced by a pitch angle control. After 7 seconds from the simulation start, the islanded system is experienced under generation situation, which is controlled by injecting more real power from storage system through load side converter. Both cases, the load is supported by the supply of 300kW real power from the DFIG and storage system as shown in Fig. 9(c) . VI. CONCLUSION In this paper, the capability of islanding operation of a DFIG with energy storage system in the DC link has been investigated with the help of SimPowerSystems toolbox of M/ATLAB. The proposed control system in this proposed arrangement of DFIG is able to stabilise the islanded system's frequency and voltage within the specified limit. Control system also shows the ability to operate the islanded system in over-and under-generated situation. In the case of over generated situation, storage and dump load controller participate for keeping the system frequency within frequency limit. In the case of under-or poor-generated situation, the stored energy can be used to keep the system frequency within the limit. This ability ensures the continuity of the supply in the case of emergency and utilises maximum energy extraction from the wind power.
APPENDIX-A
Wind turbine: Rating:
